Recently, silicene, the graphene equivalent of silicon, has attracted a lot of attention due to its compatibility with Si-based electronics. So far, silicene has been epitaxy grown on various crystalline surfaces such as Ag (110) We studied both morphology and electronic properties of these domains by using both scanning tunneling microscopy/spectroscopy and first-principles calculation methods.
honeycomb arrangement. 5 Takeda and Shiraishi were the first to predict the possibility of a stable single sheet of Si. 6 In that paper, the authors predicted that the silicene will not be flat but puckered. Further theoretical calculations on free-standing silicene showed that this two-dimensional system can be stable with properties similar to graphene such as linear dispersion with Dirac cone at the corner of Brillouin zone. 7, 8, 9 Theoretical studies also showed that the spin-orbit coupling strength is much larger in silicene than graphene which can make quantum spin Hall Effect detectable experimentally. 10 Silicene's novel properties predicted by theorists and its relatively easy integration into the current semiconductor technology motivated some experimental groups to start working on growing silicene. The very first silicene was grown on Ag(110) and Ag(111) surfaces. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] Recently, it was shown that silicene can be grown on Ir (111) 21 , ZrB2 (0001) 22 , Au (110) 23 substrates. One of the most studied silicene system is silicene/Ag(111). Due to the interaction between silicene and substrate, the bucking pattern of Si atoms 
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ARPES measurements on √3 × √3-silicene exhibit ⋀ − and ⋁-shaped linear π and π * silicene bands at the Γ 0 ̅ point along Γ ̅ − K ̅ silicene direction.
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Another method to grow silicene or germanene is to use high temperature surface reconstruction of metal silicides/germanides. 29, 30 In this paper, we show that the deposition of a few monolayers of Ir on Si(111) followed by annealing at 750 °C leads to the formation of IrSi3 nanocrystals. Scanning tunneling microscopy (STM) images of these crystallites show a surface reconstruction with a buckled honeycomb structure that resembles previously reported silicene like regions on MoSi2 crystallites supported on Si(001).
Experiment
The Si(111) samples used in the STM experiments were cut from nominally flat 76.2 mm by 0.38 mm, single side-polished n-type (phosphorous doped) wafers. The samples were mounted on molybdenum holders and contact of the samples to any other metal during preparation and experiment was carefully avoided. The STM/STS studies have been performed by using an ultra-high vacuum system with a base pressure of 2 × 10 −10 mbar equipped with an Omicron Variable Temperature STM and a LK technologies RVL2000 LEED-Auger system. Before introducing Si(111) samples into the UHV chamber, samples were washed with isopropanol and dried under the flow of nitrogen gas. Si(111) samples were degassed extensively and then flash-annealed at 1250 °C. The sample temperature was measured with a pyrometer.
The quality of the clean Si(111) samples was confirmed both with LEED and STM prior to Ir deposition.
Ir was deposited on the clean Si(111)-7 × 7 surface kept at room temperature from a current heated Ir wire (99.9 %) with a standard deposition rate of 2.8 × 10 −4 nm/s. Then the sample was annealed at 750 °C to form IrSi3 nanocrystals. All the STM experiments were performed at room temperature. I-V curves measured at all points of the image while measuring high resolution STM images of the surface. The measured I-V curves were then averaged. The local density of states curves (LDOS-(dI/dV)/(I/V)) were calculated out of the I-V curves.
Computational Details
We performed first-principles calculations based on density functional theory as implemented in the Vienna Ab-initio Simulation package (VASP). 31, 32 We described the ions by employing PAW pseudopotentials for atomic core region. 33 The generalized gradient approximation (GGA) was used for the exchange-correlation functional within the Perdew-Burke-Ernzerhof (PBE) formulation. 34 The kinetic energy cut-off for plane wave expansion was set to 400 eV. We used 3 × 3 × 1 and 5 × 5 × 1 k-points meshes for relaxation and density of states calculations, respectively. 35 The [0001] surface of hexagonal IrSi3 (with a space group of P63/mmc) was modeled by a slab with a thickness of 15 Å. The convergence criteria for the total energies were chosen as 10 −5 eV between the consecutive ionic steps, and the maximum force allowed on each atom was set to 0.01 eV/ Å. Bottom layer Si atoms were terminated by hydrogen atoms in order to saturate the dangling bonds and we kept their positions fixed during structural relaxations.
A vacuum region of 15 Å was introduced in order to prevent spurious interaction between the periodic slabs along z direction. Only the top three atomic layers were allowed to relax and reconstruct, and remaining layers were fixed at their corresponding bulk atomic positions in the calculations.
Results & Discussion
We first realized the formation of silicene like domains while studying the morphology of Ir modified Si(111) surface at relatively high Ir coverages (> 1ML). We choose to call our system as Silicene- There are previous studies on bulk properties of iridium silicides epitaxially grown on various Si surfaces. 38, 39, 40 Ir-silicides have three known crystal phases (IrSi, Ir3Si5 and IrSi3), which can be grown selectively, and each phase grows in a specific temperature range. Among those phases, IrSi and IrSi3 are metallic and Ir3Si5 is a semiconductor with a band gap of about 1.2 eV. 41 The phase diagram of bulk Ir-Si system shows eutectic at 1222 °C and at a composition of 80.5 % Si and 19.5 % Ir. 42 IrSi3 phase is the phase closest to the bulk eutectic composition. When eutectic droplet cools down, it goes through spinodal decomposition and two stable phases emerge, Ir-free Si (forms the bulk Si) and IrSi3. Due to relatively small Ir coverage on the surface (1 to 2 ML), the current system follows the phase diagram on the Si-rich side. However, the temperatures at which IrSi3 forms are much lower than that of the bulk eutectic point.
We attributed this to the fact that for nanostructures both solidus and liquidus curves shift to lower temperatures than that of the bulk phase diagram. 43, 44 A similar shift of the eutectic point to lower temperatures has been observed in vacuum-liquid-solid growth of Ge nanowires when the catalyst was supersaturated. 45 Lin et. al. grew IrSi3 on Si(111) at much lower temperature (ranging from 630 °C to 800 °C) than eutectic point by co-depositing Ir and Si on Si(111) in stoichiometric ratio. 46 They reported the growth of three major modes (A, B and C) of epitaxial silicides. Each mode of growth refer to a specific set of orientation relation between IrSi3 and the Si(111) substrate. 47 However, there is a difference between Si(111)-7×7 and √7 × √7 domains and that is the later has a band gap of about 0.75 eV indicating that the √7 × √7 domains have acceptor type of surface states localized closer to the bulk valence band edge. These acceptor states at the interface between IrSi3 crystallites and the surface can acquire more electrons from IrSi3 crystallites to make the Fermi levels the same, leading to the observed downshift of the measured Fermi level of IrSi3 with respect to the one calculated.
The LDOS curve shown in Figure 4d is the same as the one in Figure 4a . We only plot between -1 V to 1 V to have a better visual around the Fermi level. Although the LDOS curve presented in Figure 4a and 4d don't exhibit any band gap as it was claimed to be present in the LDOS curves measured on silicene/MoSi2 [Ref. 29] , the LDOS curves of these two systems exhibit similar features. For example, there seems to be a small peak at 0.1 eV and there is a dip at 0.25 eV. The positions of both the peak and the dip are shifted to lower energies in our system. This can be due to the difference in the electronic properties of underlying crystallites.
Conclusion:
In this study, we demonstrated a novel method to grow SLDs on Ir modified Si(111) surface which can pave the way to integrate silicene into silicon based technologies. After depositing > 1 ML of Ir and annealing the surface at 750 °C, IrSi3 crystallites form. Most of the crystallites have featureless morphology suggesting that they were terminated by Ir-rich surface of IrSi3. We attribute this to the fact that as crystallites grow, Si atoms must come from the substrate through the crystallites to form the top layers which limits the supply of Si atoms. As a result of that most of the crystallites terminate with Ir-rich surface.
dI/dV curves measured on these crystallites confirm that they are metallic. On the other hand, some IrSi3 crystallites have SLDs grow on the top surface similar to a low-buckled silicene. The LDOS curves measured on the SLDs have non-zero density of states around the Fermi level indicating the metallic nature of the surface. There is a small dip at 0.25 eV. A similar feature observed on silicene/MoSi2 and silicene/ZrB2(0001) systems. The dip was suggested to be originating from a gap opening around the Dirac energy, however these claims, including ours, needs to be verified by other methods such as ARPES.
